The response of two marine actinomycetes such as Streptomyces sp. MADO2 and Nocardiopsis sp. MADO3 to osmotic stress in minimal medium M63 and in glycerol-asparagine medium (ISP5) was studied. The two strains were moderately halophilic and the behavior of the strain Streptomyces sp. MADO2 and Nocardiopsis sp. MADO3 towards the salt stress was varied depends on the media composition and the salinity concentration. The strain Streptomyces sp. was more sensitive to salt stress than Nocardiopsis sp.
INTRODUCTION
Actinomycetes are potential producers having immense application in industrial production processes. Their capacity to degrade complex organic compounds and to produce antibiotics has been demonstrated (1) . Halophilic or salt tolerant actinomycetes are being developed as model organisms to disclose the mechanism and microbial physiology under extreme environments (3) . Microorganisms found in extreme environments have attracted a great attention due to their production of various natural compounds and their specialized mechanisms for adaptation to extreme environments (28) . However, relatively little information was available on the osmoregulatory strategy of actinomycetes, even though needs a special attention because of their transitional nature between the simple eubacteria and the fungi (13, 19) .
Most microorganisms subjected to water stress accumulate *Corresponding Author. Mailing address: Laboratoire d'écologie microbienne, Département de Biologie, Faculté des sciences, Université Ferhat Abbas, Sétif 19000, Algeria..; E-mail: ameur_han@yahoo.fr 544 Ameur, H. et al. Osmoprotective effect on Streptomyces and Nocardiopsis organic solutes to control their internal water activity, maintain the appropriate cell volume and turgor pressure, and protect intracellular macromolecules (8) . Prokaryotes have developed two strategies to cope with increasing salinities. One is to accumulate and adjust the internal concentration of inorganic ions such as K + and Cl -to values that counteract the external osmolarity (25) . A different strategy is the accumulation of osmolytes or compatible solutes including sugars (trehalose), free amino acids (e.g., glutamate and proline), and quaternary ammonium compounds (e.g., glycine betaine, proline betaine, butyrobetaine, and carnitine) that bacteria accumulate from de novo synthesis or from externally provided osmoprotectants such as choline, the precursor of glycine betaine (19, 6, 16, 18 ).
The present study aims to analyze the effect of increasing osmolarity of NaCl (0-1 M) on the growth of Streptomyces sp.
and Nocardiopsis sp. isolated from the marine sponge strains. This minimal medium is generally used for the study of halotolerance of enteric bacteria. The osmoprotective effect of glycine betaine (GB), proline and trehalose was also studied.
MATERIALS AND METHODS

Bacterial strains and antimicrobial screening
The marine actinomycetes such as Streptomyces sp. 
Osmoprotective effect of GB, proline and trehalose on the bacterial growth
To study the osmoprotective effect of osmoprotectants described above, the media supplemented with GB (1 mM), proline (1 mM) and trehalose (1 mM) were used. MADO2 and MADO3 strains were cultivated in M63 and ISP5 media aerobically at 26°C on a rotary shaking incubator at 100 rpm.
Bacterial growth was monitored spectroscopically at 540 nm.
The number of cells corresponding to the absorbance was counted using a Petroff-Hausser chamber
RESULTS
Antimicrobial activity
The two isolates were screened for their antimicrobial activities against the indicator strains as mentioned above.
Streptomyces sp. showed a significant antimicrobial activity 
Growth characteristics of strains MADO2 and MADO3 in M63 and ISP5 media
The growth characteristics of Streptomyces sp. was compared with those of Nocardiopsis sp. using M63 and ISP5 media ( Fig.1 ). The growth of Streptomyces sp. was favored irrespective of the media used. However, Nocardiopsis sp.
growth was better in M63 medium than in ISP5 medium. 
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Effect of increased osmolarity on the bacterial growth
To analyze the response of Streptomyces sp. and
Nocardiopsis sp. to increased osmolarity, cells were cultivated in M63 and ISP5 media containing 0-1 M NaCl. Exposure to elevated osmotic strength reduced the growth of Streptomyces sp. At 0.5 M NaCl, the growth rate decreased significantly in both M63 and ISP5 media (Fig. 2) . The effect of increased salinity on the growth of Nocardiopsis sp. was different to that of Streptomyces sp. The increase in growth occurred beyond 0.5 M NaCl, a drastic decline of growth was observed (Fig. 3) . The ISP5 medium supplemented with osmoprotectants inhibited the growth of Streptomyces sp. whereas the osmoprotectants trehalose and proline stimulated the growth of Nocardiopsis sp. (Fig .4) . Growth of Streptomyces sp. and Nocardiopsis sp. were greatly increased at 0.8 M NaCl in M63 medium supplemented with GB, proline and trehalose. However, it is noteworthy that trehalose was more effective than GB and proline.
Nocardiopsis sp. growth was stimulated significantly in ISP5 medium with GB. Trehalose and proline stimulated the growth of Streptomyces sp. Hence, we conclude that trehalose was the potent osomprotectant stimulating the growth of Streptomyces sp. besides GB and proline (Fig. 6 ). grown at 1 M NaCl in both M63 and ISP5 media and for Nocardiopsis sp. grown in M63 medium. Glycine betaine has been generally regarded as a superior protective osmolyte for E. coli and has been shown to increase tolerance to sugars, salts and organic acids (5, 22) . Glycine betaine is of general importance for osmotic adaptation of most eubacteria (10) . It is the most efficient osmoprotectant characterized to date (27) .
The transport and the accumulation of GB are triggered by raising the osmotic pressure of the external environment (17, 24, 20) . The main results proved that the osmoprotective effect of GB, proline and trehalose in Streptomyces sp. and
Nocardiopsis sp. was shown only at inhibitory salinities whereas at low osmolarity they had an inhibitory effect on the bacterial growth.
